Context: Somatic dysfunction as diagnosed by palpation should be associated with an objective measure. Bone mineral density (BMD) has been shown to be elevated in lumbar vertebrae with somatic dysfunction and in the lumbar region of individuals with chronic low back pain (LBP).
were extracted from the DXA scan report.
Statistical Analyses
On the basis of data from the pilot study, 11 the difference in BMD T scores between vertebral segments with and without somatic dysfunction from the same participant was expected to be 0.8 standard deviations (SDs). Using a paired t test, a sample size of 15 participants having vertebral segments with and without somatic dysfunction would have power of 0.80 to detect a difference of 0.8
SDs when the 2-sided α=.05.
Vertebral Somatic Dysfunction Burden
The vertebral somatic dysfunction burden score was reported history, participants were assigned to either the chronic LBP or non-LBP group. All aspects of the study protocol were approved by the local institutional review boards of both sites, and all participants signed approved informed consent forms. Because the current study was completed before clinical trial registration requirements were standard, the study was not registered. Therefore, the vertebral somatic dysfunction score and the total somatic dysfunction severity score measured the severity of the somatic dysfunction elements present.
Between-Group Comparisons
The chronic LBP and non-LBP participants were com- with chronic LBP) were recruited at the KUMC site. A total of 316 individual lumbar vertebrae were assessed.
No significant differences were found between the groups for sex, age, or BMI ( Table 2) .
Between-group differences were not significant for the presence or absence of tissue texture abnormalities (P=.19), rotational asymmetry (P=.53), or motion restriction (P=.13) ( Table 3 ). The presence of tenderness was significantly more common in the chronic LBP group (P<.001). No significant differences were found between the chronic LBP and non-LBP groups for the severity of rotational asymmetry (P=.48) ( Table 4) .
However, significant differences were found between the 2 groups for the severity of tissue texture abnormalities (P=.03), motion restriction (P=.04), and tenderness (P<.001), with greater severity found in the chronic LBP group than the non-LBP group. Of the 316 vertebrae assessed, 31 (10%) demonstrated moderate/severe tenderness, all of which were in the chronic LBP group.
somatic dysfunction findings using generalized linear mixed models (logistic regression models and proportional odds models, respectively) fit using generalized estimating equations with the participants treated as random effects. Tissue texture abnormality was further examined for differences between chronic LBP and non-LBP groups on sidedness (none present, right side only, left side only, or bilateral) using generalized linear mixed models with generalized logits. Rotational asymmetry was further examined for differences between chronic LBP and non-LBP groups on sidedness (none present, rotated right, or rotated left) using proportional odds models fit using generalized estimating equations. Proportional odds models were also used to compare the 2 groups on the vertebral somatic dysfunction burden score, total somatic dysfunction burden score, vertebral somatic severity score, and total somatic dysfunction severity score.
General linear mixed models were fit to the data using maximum likelihood estimation, with the participants treated as random effects to test whether group (chronic LBP or non-LBP) and somatic dysfunction findings (presence or absence of each element, vertebral somatic dysfunction burden score, total somatic dysfunction burden score, severity score of each element, vertebral somatic dysfunction severity score, and total somatic dysfunction severity score) were associated with BMD T scores. A Kruskal-Wallis test was used to compare participants from the 2 sites (NRMC and group, the vertebral somatic dysfunction severity score was not significantly related to the vertebral BMD T score (P=.08), and the total somatic dysfunction severity score was not significantly related to the regional BMD T score (P=.17).
The mean (SD) regional BMD T score was 0.23 (1.11) for participants at NRMC (n=50) and 0.61 (0.87) for participants at KUMC (n=29). There was no significant difference between the 2 sites for participants' regional BMD T scores (P=.18).
Discussion
The current study verified many of the findings found in the pilot study that correlated somatic dysfunction with chronic LBP. The pilot study 12 demonstrated that motion restriction and tenderness were significantly more those demonstrating mild rotation or no rotation. In contrast, no significant association was found between vertebral BMD T score and the severity of tissue texture abnormalities (P=.34) or motion restriction (P=.55).
Because there were no vertebrae in the non-LBP group with moderate/severe tenderness, analysis of the relationship between vertebral BMD T score and severity of tenderness was performed without accounting for group.
There was a significant association between vertebral BMD T score and severity of tenderness (P=.04). The vertebral BMD T score was higher for vertebrae demonstrating moderate/severe tenderness compared with those demonstrating no tenderness. But, there was no difference between the vertebral BMD T scores for vertebrae demonstrating moderate/severe tenderness and mild tenderness or between vertebrae demonstrating mild tenderness and no tenderness. After accounting for a Vertebral segments examined were vertebral levels L1 to L4. Severity rating is based on a 3-point scale: 1, no somatic dysfunction; 2, mild somatic dysfunction; 3, moderate/severe somatic dysfunction. b Sample size shown is total number of lumbar vertebrae for the 43 participants in the chronic LBP group. c Sample size shown is total number of lumbar vertebrae for the 36 participants in the non-LBP group. d P value for between-group comparison based on proportional odds model fit with generalized estimating equations. e P value for between-group comparison on sidedness and severity of tissue texture abnormalities (none present, right mild/ moderate/severe only, left mild/moderate/severe only, bilateral mild, or bilateral moderate/severe) based on a generalized linear mixed model using generalized logits fit with generalized estimating equations. f P value for between-group comparison on sidedness and severity of rotational asymmetry (right moderate/severe, right mild, none present, left mild, or left moderate/severe) based on proportional odds model fit with generalized estimating equations.
LBP group, but motion restriction was not found to be more common in this group, as was found in the pilot study. The chronic LBP group had higher severity of tissue texture abnormalities, motion restriction, and tenderness, but not motion restriction. Only the chronic LBP group had moderate/severe tenderness, suggesting that moderate/severe tenderness may have a high predictive value for chronic LBP.
The increased presence and severity of tenderness observed in the chronic LBP group in the current study may be a sign of central sensitization. 28, 29 Central sensitization 30 is a hypersensitivity to pain within the central nervous system that develops in response to sustained nociceptive stimuli, such as chronic localized musculoskeletal pain. 28 Nociceptive neurons become facilitated in the presence of ongoing stimulation so that the firing threshold becomes lower. As a result, sensory input that would normally be subthreshold can cause the nociceptive neurons to fire. 30 The tenderness associated with central sensitization is typically diffuse rather than localized. 31 Jensen et al 31 found that individuals with a 1-to common in the chronic LBP group (P<.001 and P=.002, respectively), but no significant differences were found between groups for incidence of tissue texture abnormality or rotational asymmetry. The vertebral somatic dysfunction burden score was also significantly higher for the chronic LBP group (P=.001). The total somatic dysfunction burden score was not calculated in the pilot study. The chronic LBP group had significantly greater severity of tissue texture abnormality (P=.006), rotational asymmetry (P=.008), motion restriction (P<.001), and tenderness (P=.001) than the non-LBP group, with the vertebral somatic dysfunction severity score also significantly higher in the chronic LBP group (P<.001). 12 The total somatic dysfunction severity score was not calculated in the pilot study.
In the current study, both the vertebral and the total somatic dysfunction burden scores were higher in the chronic LBP group. Likewise, the vertebral somatic dysfunction severity score and the total somatic dysfunction severity score were significantly higher in the chronic LBP group. Tenderness was more common in the chronic a Sample sizes shown (n) equal the number of vertebral segments (4 per participant) with the indicated element of somatic dysfunction. b Sample sizes shown (n) equal the number of vertebral segments (4 per participant) without the indicated element of somatic dysfunction.
Abbreviations: BMD, bone mineral density; CI, confidence interval.
standing of the structure-function relationships between somatic dysfunction and the underlying anatomic structures.
The current study found that the BMD T scores were higher for vertebrae demonstrating moderate/severe tenderness. However, like the pilot study, 11 the presence of tenderness alone was not related to elevated vertebral BMD. Further study with a larger sample size is needed to better understand the relationship between this element of somatic dysfunction and BMD.
Limitations
In addition to the relatively small sample size, the primary limitation of the current study was the lack of verification of accurate localization of the vertebral segments. In a study conducted after the current study, the same investigators used lumbar radiographs to assess the accuracy of the palpatory method used in the current study and determined that its accuracy was 67% to 78%. 39 This result means that potentially 20% to 30% of the somatic dysfunction data collected in the current study may have been attributed to the wrong vertebrae.
Additionally, the prone physical examination used in the current study was limited to 4 palpatory assessments that 
Conclusion
The current study replicated many findings of the pilot study, including the finding that somatic dysfunction is more frequent and of higher severity in individuals with chronic LBP. Additionally, the current study found that that the BMD T scores were higher for vertebrae demonstrating moderate/severe rotational asymmetry and tenderness. However, the current study was unable to reproduce the pilot study's findings that the presence of rotational asymmetry and motion restriction, regardless of severity, and the history of chronic LBP were associated with higher lumbar BMD T scores. Although the current study did not reproduce all findings of the pilot study, the current findings support the need for a larger study using objective verification of vertebral level to investigate the association between lumbar somatic dysfunction and BMD, and ultimately the effect of OMT on both somatic dysfunction and BMD.
